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0 Accommodating intraocular lens. 



© An accommodating intraocular lens apparatus 
preferably includes a lens member (50) having a 
relatively flexible portion and a relatively rigid por- 
tion, with a fluid-filled chamber (56) therebetween. 
The preferred intraocular lens also includes a hy- 
draulic or other fluid accommodation provision for 
changing the shape or position of the flexible lens by 
changing the fluid pressure in the fluid-filled cham- 
ber in response to muscle movement of the eye. 
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ACCOMMODATING INTRAOCULAR LENS 



BACKGROUND AND SUMMARY OF THE INVEN- 
TION 

The invention relates generally to intraocular 
lenses for the human eye and, more particularly, to 
intraocular lenses that change in refractive power 
(i.e. "accommodate") in response to eye muscle 
movement to focus on objects at different dis- 
tances as viewed from the viewer. 

Figures 1 through 4 illustrate the accommoda- 
tion function of a normal, natural human eye. with 
Figure 1 showing a human eye in cross-section. 
The eye structure includes a cornea 13, an iris 16, 
a ciliary body 17. suspensory ligaments or zonules 
or zinn 18, a crystalline lens 19 surrounded by a 
capsular bag 20, and a retina 27. The ciliary body 
17 includes muscle tissue, which controls the focal 
length of the lens 19. When individual circumferen- 
tial muscle fibers 21 of the ciliary body 17 relax 
(i.e.. when the dimensions 23 increase), the ap- 
erture diameter 25 within the ciliary body 17 in- 
creases, as shown in Figures 2A and 2B. 

As shown in Figures 3A and 3B, this increase 
in aperture diameter puts tension on the zonules 
18, which in turn stretch the crystalline lens 19, 
causing the lens 19 to assume elongated shape 
19B The elongated lens 19E has a refractive pow- 
er suitable for focusing distant objects upon the 
retina 27. When it is necessary to focus nearby 
objects, the muscle fibers 21 of ciliary body 17 
contract, decreasing the aperture diameter 25 
shown in Figure 2A In response to this contraction, 
the inherent elasticity of the lens 19 causes it to 
contract to the unstretched shape shown in Figure 
3A. This ability of the human optical system to 
change the shape of the lens 19 (and thus the 
refractive power) in order to focus on either distant 
or nearby objects is called "accommodation 

The lens 19 of the human eye can, however, 
suffer disease, such as a cataract, in which case 
surgical removal of the lens 19 may be necessary. 
After removal, the natural lens 19 can be replaced 
by an artificial lens 32 shown in Figure 4, which is 
termed an intraocular lens (IOL). One type of IOL 
32 is shown in Figures 5A and 5B. The lens 32 is 
supported by haptics 36, which rest generally at 
points 37 in Figure 4 after implantation in the eye. 

The IOL 32 restores much of the visual acuity 
of the eye, but has the characteristic of properly 
focusing only images of objects 34 in Figure 4 
which are within the depth of field 39 of the focus- 
ing system, said system being comprised of the 
IOL 32 and the cornea 13. Other objects, such as 
the object 41 located in the far field 43, are not in 
focus, and thus appear blurred. It is also possible, 



• instead, for the focusing system to properly focus 
objects in the far field 43 but not in the near field • 
39. The accommodation necessary to selectively 
focus on both near and far objects, formerly pro- 

5 vided by the crystalline lens 19, has thus been 
reduced or lost 

It is therefore highly desirable to restore ac- 
commodation in order to allow the patient with an 
IOL to selectively focus objects located at all dis- 

10 tances. Thus one of the primary objects of the 
present invention is to provide an improved in- 
traocular lens that can focus objects located at 
different distances upon the retina, depending upon 
the relaxed or contracted state of the ciliary body 

75 muscles. 

One form of the invention comprises a replace- 
ment lens for the human eye, which changes in 
focal length as the ciliary muscle contracts and 
relaxes. 

20 According to the present invention, an accom- 
modating intraocular lens apparatus includes a lens 
member having a flexible portion and a relatively 
rigid portion, with a chamber therebetween. The 
apparatus also includes an accommodation provi- 
25 sion for changing the shape or position of the 
flexible lens member in response to muscle move- 
ment of the eye. Such accommodation feature pro- 
vides the mechanism to change the refractive char- 
acteristics of the flexible lens member and thus 
30 allows the intraocular lens patient to focus on ob- 
jects at varying distances much in the same way 
as did the patient's natural crystalline lens. In the 
preferred embodiments, such an accommodation 
capability is provided by way of a hydraulic or 
35 other fluid system incorporated into the intraocular 
lens apparatus for selectively pressurizing and de- 
pressurizing a fluid-filled (liquid or gaseous) cham- 
ber defined by the flexible lens member and a 
relatively rigid supporting member in order to se- 
40 lectively vary the refractive powers or characteris- 
tics of the overall lens system. 

Additional objects, advantages and features of 
the present invention will become apparent from 
the following description and appended claims tak- 
45 en in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

so Figure 1 diagrammatically illustrates a hu- 

man eye in cross-section. 

Figures 2A and 2B diagrammatically illus- 
trate dilation of the ciliary body of the eye. 

Figures 3A and 3B diagrammatically illus- 
trate how the dilation shown in Figure 2B stretches 



the crystalline lens and changes its focal length. 

Figure 4 illustrates an intraocular lens that 
can be used to replace the lens 19 in Figure 1. 

Figures 5A and 5B are enlarged views of a 
common type of intraocular lens. 

Figure 6 illustrates an exploded view of an 
intraocular lens apparatus according to one form of 
the invention. 

Figure 7 illustrates a detailed view of the 
intraocular lens apparatus of Figure 6 shown in 
cross-section. 

Figures 8A and 8B illustrate the change in 
shape of the chamber of the lens apparatus shown 
in Figure 7, which occurs during use of the inven- 
tion. 

Figure 9 illustrates one form of the in- 
traocular lens apparatus of the present invention. 

Figure 10 illustrates another form of the in- 
traocular lens apparatus of the present invention 
implanted within the ciliary body of the eye. 

Figure 1 1 illustrates a preferred form of the 
present invention, including pressure sources used 
to inflate flexible bladders, which contact or expand 
in response to the ciliary body. 

Figure 12 shows in schematic form how the 
ciliary body compresses one pair of the bladders 
shown in Figure 11. 

Figure 13 shows the apparatus of Figure 11 
" in perspective, cut-away form. 

Figure 14 is a view similar to that of Figure 
10, but illustrating still another form of the in- 
traocular lens apparatus of the present invention. 

Figure 15 is a partial detail view of the lens 
apparatus of Figure 14, illustrating a hollow haptic 
member. 

Figure 1 6 is a view similar to that of Figure 
15, but illustrating how the ciliary body deforms the 
hollow haptic member to cause accommodation. 

Figure 17 is a cross-sectional view taken 
generally along line 17-17 of Figure 15. 

Figure 1 8 is a cross-sectional view similar to 
that of Figure 17, but illustrating an alternate haptic 
construction. 

Figure 19 is a cross-sectional view similar to 
that of Figures 17 and 18, but illustrating still an- 
other alternate haptic construction. 

Figure 20 is a view similar to that of Figures 
10 and 14, but diagrammatically illustrates still an- 
other form of the present invention. 

Figure 21 is a partial cross-section view tak- 
en generally along line 21-21 of Figure 20. 

Figure 22 is a cross-sectional view taken 
generally along line 22-22 of Figure 20. 

Figure 23 is a partial cross-sectional view 
similar to that of Figure 22, but illustrating an 
alternate construction. 

Figure 24 is a partial detailed view of the 
apparatus of Figure 20, but illustrating an optional 



construction. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

5 

Figures 6 through 24 depict exemplary em- 
bodiments of the present invention for purposes of 
illustration. One skilled in the art will readily, recog- 
nize from the following description and the accom- 
w panying drawings that the principles of the present 
invention are also applicable to intraocular lenses 
other than those depicted in the drawings. 

Figure 6 illustrates one exemplary form of the 
invention, in which an 10L 48 is shown in cross- 
75 section in Figure 7. A thin, membrane-like lens 50 
is sealed along its periphery 52 to a thicker support 
lens 54, which contains a circular recessed cavity 
53, thereby forming a fluid-filled (liquid or gaseous) 
cavity or chamber 56 (shown in Figure 7) between 
20 the two lenses. Fluid pressure is applied to the 
chamber 56, by an apparatus discussed below, in 
order to drive the membrane-lens 50 into the shape 
or position 59 (shown in phantom lines in Figure 7). 
This change in position or shape changes the re- 
25 fractive powers or characteristics of the overall lens 
system 48, which includes the two lenses 50 and 
54 and the fluid chamber 56. 

The above-mentioned change in refractive 
characteristics is caused primarily by the change in 
30 shape of the chamber 56 from the shape shown in 
Figure 8A to that shown in Figure 8B. Since the 
chamber 56 is fluid-filled, as is discussed below, it 
too acts as a lens, and the altered shape shown in 
Figure 8B provides a refraction that is different 
35 from that of the former shape shown in Figure 8A. 
The fluid-filled chamber 56 thus effectively func- 
tions as a lens of a variable focal length, making 
. the overall lens 48 have a variable focal length. 

In one form of the invention, the IOL 48A of 
40 Figure 6 can be implanted using standard haptics 
36, such as those shown in Figure 9, with the 
dashed circle 52 indicating the periphery of the 
membrane lens 50 in Figure 6. Alternately, a num- 
ber of supporting bladders 70A are preferably used 
45 to lodge the IOL 48B within the capsular bag 20, as 
shown in Figures 10 through 13, and as described 
in more detail below. The supporting bladders 70A 
allow an IOL of fixed size, having a given diameter 
67, such as that shown in Figure 9. to be used in 
so eyes having any of several diameters 25 of the 
capsular bag equator as shown in Figure 2. Thus 
the invention is adaptable to patients having cap- 
sular bags of different sizes. 

As is shown diagrammatically in Figures 11 
55 and 13. the supporting bladders 70A are all con- 
* nected to a common manifold 75, called a support 
manifold, which distributes fluid pressure to the 
bladders 70A. During implantation in the eye, the 
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fluid pressure is applied by a source, such as a 
syringe 77. through a Tine 79. which is then re- 
moved from a valve 81 when the proper pressure 
is attained. The bladders 70A are inflated and pres- 
surized until they contact the ciliary body 17, as 5 
shown in Figure 10. at which time the external 
pressure source 77 is removed. 

In either of the exemplary lOL's 48A or 48B, a 
number of bladders 70B shown in Figures 9 
through 11, which are termed focusing or accom- w 
modation bladders, are all connected to a second, 
accommodation manifold 85. which is illustrated by 
a thicker line in order to distinguish it from the 
support manifold 75. In addition, the accommoda- 
tion manifold 85 connects in fluid communication rs 
with the fluid chamber 56, as indicated by fluid 
arrows 89. During implantation into the eye, the 
accommodation bladders 70B are inflated by an 
external pressure source 77 as described above, 
but to a lower final pressure than that of the sup- 20 
port bladders 70A. 

The membrane lens 50 in Figures 9 and 10 
functions much like a wall of a pressure vessel, 
which is defined by the chamber 56 and which is in 
fluid communication with the accommodation mani- 25 
fold 85 and the accommodation bladders 70B. The 
membrane 50 is a flexible member in tension and 
supported only at its circular periphery 52, and 
thus can resist only small internal pressures within 
the chamber 56 without deformation. Since the 30 
flexible membrane 50 has a very low moment of 
inertia, it deforms into the position 59 in Figure 7 
under a slight increase in fluid pressure. 

When focussing, the eye deforms either the 
IOL of the present invention or the natural cry- 35 
stailine lens 19 in Figure 1 in similar ways. When 
the IOL 48A or 48B of the present invention is 
implanted, the ciliary body 17 contracts, and the 
focusing bladders 70B become compressed as 
shown in Figure 12. This compression forces fluid 4C 
into the chamber 56 as indicated by fluid arrows 89 
in Figure 11. The membrane lens 50 is thus slightly 
pressurized and deforms into the shape or position 
59 shown in phantom lines in Figure 7 as the 
chamber 56 deforms into the shape indicated in « 
Figure 8B. As discussed above, this deformation 
allows the lens system to focus nearby objects 
onto the retina. 

Relaxing of the ciliary body 17 operates in 
reverse, allowing the membrane lens 50 to return 5 
to its former position shown in solid lines in Figure 
7, and allowing the* excess fluid to flow out of the 
chamber 56 back to tine bladders 70B. Similarly, 
the chamber 56 adopts its original shape as shown 
in Figure 8A. which is proper for focusing distant i 
objects. 

It is important to note that the accommodation 
or focusing IOL 48A or 48B of the present invention 



functions only when enclosed by the capsular bag 
20 in order to restrain the lens in its proper posi- 
tion. Since cataracts can be removed while leaving 
the capsular bag intact (extracapsular cataract ex- 
traction), the IOL 48A or 48B can be inserted into 
the capsular bag during implantation. This allows 
the ciliary body muscles to relax, increasing the 
aperture diameter and putting the suspensory liga- 
ments or zonules into tension, which in turn tends 
to flatten the capsular bag and enhance the capa- 
bility of the IOL to change its shape and refractive 
characteristics. 

It should be noted that the drawings show the 
invention in exaggerated form for ease of illustra- 
tion and are not drawn to scale. For example, the 
diameter 67 in Figure 9 is preferably about 7.5 
mm, while the thickness of the membrane lens 50 
in Figure 6 (i.e., dimension 63) is preferably less 
than 0.5 mm. Thus, a much larger difference in 
size exists than the drawings appear to show. Fur- 
thermore, the distance 68 in Figure 11 between the 
periphery 52 of the membrane lens 50 and the 
outer edge 71 of the lens body 54 is preferably 
approximately 1.5 mm, but appears to be greater in 
Figure 11. because the diameter of the membrane 
lens 50 is preferably approximately 6.0 mm. 

The chamber 56 is shown in Figure 7 as hav- 
ing a finite thickness, indicated by dimension 90, 
with a suitable thickness being approximately 0.1 
mm. However, it may be desirable to reduce the 
thickness to practically zero, in which case the 
membrane lens 50 would contact the base lens 54 
when pressure within the chamber 56 was absent 
in this instance, the membrane lens 50 would be 
separated from the base lens 54 by only a thin 
layer of fluid wetting the chamber surfaces 95 and 
97 shown in Figure 8A In either case, it is pre- 
ferred that the surfaces 95 and 97 have the same 
radius of curvature and thus that the thickness 90 
is substantially uniform. 

The lens body 54 is preferably constructed of 
polymethylethacylate (PMMA), the membrane lens 
50 and both bladders 70A and 70B are preferably 
constructed of a silicone elastomer, and the fluid 
contained within the bladders and manifolds is 
preferably a silicone oil. The diameters of the man- 
ifolds and channels in Figure 11 are preferably 
approximately 0.25 mm. The radius 99 of curvature 
of the surface 101 in Figure 7 is preferably approxi- 
> mately 16 mm, and the radius 102 of curvature of 
the membrane lens 50 is preferably in the range of 
approximately 11 mm ot 16 mm, depending upon 
the fluid pressure applied. 

Two support bladders 70A and two focusing 
5 bladders 70B are shown in Figure 11. However, 
different numbers of each bladder type can be 
used in accordance with the invention. It is ex- 
pected that satisfactory performance in accordance 



with the present invention can be secured with one, 
two, three, four, or even more support and/or ac- 
commodation bladders on the IOL However, it is 
also possible to support the IOL without any sup- 
port bladders 70A, but rather with conventional 
haptics 36, as shown in Figure 9 and discussed 
above. 

It is possible in some circumstances, that vis- 
cous fluid forces within the manifold 85 shown in 
Figure 11 can retard flow and increase the time 
needed to fill and empty the chamber 56, Con- 
sequently, it may be desirable to spring-bias the 
accommodation or focusing bladders 70B by 
springs (as shown in Figure 13). Thus, when the 
pressure from the ciliary body 17 is relaxed, the 
springs act to expand the focusing bladder 70B, 
thus applying a negative pressure to the chamber 
56. This negative pressure assists in overcoming 
the viscous fluid forces. These springs can be the 
coil springs 110, or the optional leaf springs 112 
attached to the lens body 54, or other known types 
of resilient biasing devices. 

It is preferred that the lens body 54 in Figure 7 
is positioned posterior to the membrane lens 50 in 
the event that a phenomenon called posterior cap- 
sule opacification occurs. In this event, the pos- 
terior surface of the capsular bag 20, which for- 
merly contained the crystalline lens 19 and which, 
after implantation, contains an IOL, becomes 
cloudy or opaque. A typical treatment for this con- 
dition is to remove part of the capsule, or to 
rupture it, using an Yttrium-Aluminum-Garnet (YAG) 
laser. However, the proximity of the posterior of the 
capsular bag to the posterior of the IOL possibly 
could result in the laser damaging the IOL In the 
present invention, however, the lens base 54 is 
quite thick and thus more resistant to such damage 
than is the membrane lens 50. 

The diameter of the membrane lens 50 should 
be approximately 6.0 mm, which generally is suffi- 
cient to occupy the fully dilated human iris. In this 
way, the pupil does not expose any of the appara- 
tus in Figure 11, which is positioned radially out- 
ward of the periphery 52. 

In order to protect against the possibility of 
failure of the accommodating IOL 48A or 48B, the 
lens is designed such that when the membrane 
lens 50 in Figure 7 is fully relaxed, the refractive 
characteristics of the lens system 48A or 48B allow 
the patient to view objects in a range of infinity to 6 
feet (depending on pupil size and overall refractive 
error in the patient's eye): In this way, reduced, but 
acceptable, vision is still available to the patient 
without, or prior to, replacement of a failed lens. 

Figures 14 through 24 illustrate further alter- 
native embodiments of an intraocular lens appara- 
tus according to the present invention. Many of the 
elements of the embodiments depicted in Figures 



14 through 24 are generally similar, at least in 
terms of their function, to corresponding elements 
of the embodiments shown in Figure 6 through 13. 
Therefore, similar reference numerals have been 

5 used in Figures 14 through 24 to indicate such 
corresponding elements, except that the reference 
numerals in Figures 14 through 24 have either one- 
hundred or two-hundred prefixes. 

Figures 14 through 19 depict various versions 

zo of an alternate embodiment of the invention, 
wherein IOL 148 is substantially identical to the 
lens apparatus shown in Figures 6 through 13. 
except that the accommodation bladders 70B and 
the support bladders 70A are replaced by one or 

75 more accommodating haptic members 170B. The 
accommodating haptic members 170B are con- 
structed in the form of a generally hollow, elon- 
gated, tubular-shaped haptic member containing 
fluid and attached to the outer periphery of the IOL 

20 148 in fluid communication with the fluid chamber 
156. 

When focusing, the muscle fibers 121 of the 
ciliary body contract and expand in order to for- 
cibly deform or relax the hollow accommodating 

25 haptic members 170B, thereby forcing fluid into, or 
withdrawing fluid from, the chamber 156 in a man- 
ner similar to that described above in connection 
with Figures 9 through 13. In this way. the accom- 
modation feature of the present invention can 6e . 

30 advantageously combined with the supporting func- 
tion of the haptic members 36 or the supporting 
bladders 70A described above. When the muscle 
fibers 121 of the ciliary body contract in a manner 
diagrammatically illustrated in Figure 16, the hollow 

35 accommodating haptic members 170B are com- 
pressed and may even deform into the kinked 
configuration shown for purposes of illustration in 
Figure 16. Thus, it may be found to be desirable to 
guard against the hollow accommodating haptic 

40 member 170B collapsing and closing off the inte- 
rior chamber 190, which could cause undesirably 
high fluid pressures in the interior chamber 190 or 
the fluid-filled chamber 156 of the lens portion of 
the apparatus. Thus, it may be desirable to form 

45 the interior chamber 190 in a non-circular or non- 
cylindrical shape. Two examples of such non-cir- 
cular cross-sectional shape are illustrated in Fig- 
ures 18 and 19. wherein the thickness of the haptic 
wall 191 C and 191D. respectively, is non-uniform 

so about the hollow haptic members 170C and 170D, 
respectively. Such non-uniform wall thickness is 
created by the provision of internal discontinuities 
192C and 192D. respectively, which serve to sub- 
stantially prevent total closing off of the fluid flow 
55 paths in the event of collapse of all or a portion of 
the hollow haptic member during ciliary contrac- 
tion. 

In addition, since the compression, deformation 
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or kinking of the hollow haptic members 170B must 
be capable of being accomplished merely be the 
force of ciliary muscle contraction, it also may be 
desirable to provided ribs or other discontinuities 
193 on the external periphery of the hollow accom- 
modating haptic members 170B. Also, a suitable 
means for introducing fluid into the hollow haptic 
members 170B and thus the fluid-filled chamber 
156B should also be provided, such as the fill port 
195 shown for purposes of illustration in Figures 14 
and 16. 

Figures 20 through 24 illustrate still another 
embodiment of the present invention, wherein the 
IOL 248 is equipped with a fluid-filled hollow ring or 
conduit 270B surrounding the lens portion of the 
IOL 248. The circular conduit 270B functions in a 
manner generally similar to that described above in 
connection with Figures 14 through 19, and has its 
interior chamber 290 in fluid communication with 
the fluid-filled chamber 256 by way of one or more 
interconnecting hollow ducts 294. 

As shown in Figure 21, the contraction of the 
muscle fibers (shown diagrammatically at reference 
numeral 221) causes an inwardly-directed force on 
the conduit 270B. This force compresses or de- 
forms the conduit 270B to force fluid from the 
conduit 270B, through the interconnecting ducts 
294, and into the fluid-filled chamber 256. When 
the muscle fibers -221 relax, the conduit 270B re- 
turns to its relatively relaxed and undeformed con- 
dition, thereby allowing the fluid pressure in the 
fluid-filled chamber 256 to be relieved, similar to 
the function described above in connection with the 
previously-mentioned embodiments of the present 
invention. Also, like the hollow accommodating 
haptic members 170B shown in Figures 14 through 
19, the conduit 270B also serves the function of 
supporting the IOL 248 in the eye. and thus acts as 
a haptic member. 

Although the interconnecting ducts 294 are 
shown as extending in generally radial directions 
and interconnected with the lens portion of the IOL 
248 in a generally straight-on relationship therewith, 
it may be found to be desirable to form the ducts 
294 in a "swept" or arcuate configuration, having a 
more "tangential" interconnection with the lens por- 
tion of the IOL 248, similar to that shown for 
purposes of illustration in Figure 22. 

Also, as was mentioned above in connection 
with the embodiment depicted in Figures 14 
through 19, the conduit 270B can be desirably 
equipped with ribs or other discontinuities 293 in 
order to facilitate the proper compression and ex- 
pansion in response to ciliary body muscle move- 
ment In this regard, it should be noted that at least 
a portion of the ribs or other discontinuities 293 can 
be in the form of a circumferentially collapsable 
and expandable portion of the conduit 270B, as 



shown in Figure 24. Such an arrangement allows 
the circumference of the conduit 270B to be ad- 
justably increased or decreased in order to fit a 
variety of eye sizes. This is especially advanta- 
5 geous since the conduit 270B also serves the 
above-mentioned haptic function of holding and 
supporting the IOL 248 in the eye. 

Finally, as illustrated in Figure 23, one or more 
interconnecting members 296, which need not be 
70 hollow, can be provided to support the conduit 
270B in its spaced-apart relationship with the lens 
portion of the IOL 248. Such non-hollow intercon- 
necting members 296 (if included) function merely 
to aid in maintaining the lens portion of the IOL 248 
75 in its proper position after implantation in the eye. 

The foregoing discussion discloses and de- 
scribes exemplary embodiments of the present in- 
vention. One skilled in the art will readily recognize 
from such discussion, and from the accompanying 
20 drawings and claims, that various changes, modi- 
fications and variations can be made therein with- 
out departing from the spirit and scope of the 
invention as defined in the following claims. 



25 



Claims 



1. An intraocular apparatus for implantation in 
an eye, said apparatus comprising: 
30 a lens assembly including inner and outer light- 
transmissive lens members defining a fluid-filled 
chamber located between said lens members, at 
least a portion of said outer lens member being 
flexible; and 

35 accommodation means for changing the shape of 
said chamber in response to muscle movement in 
the eye in order to change the overall refractive 
characteristics of said lens assembly, said accom- 
modation means including fluid means for selec- 

40 tively changing the fluid pressure in said fluid-filled 
chamber in order to change the position of said 
outer lens member relative to said inner lens mem- 
ber. 

2. An intraocular apparatus according to claim 
45 1, wherein said fluid means includes a flexible 
fluid-filled bladder, said chamber being in fluid 
communication with said fluid-filled chamber, said 
bladder being in contact with muscles in the eye 
and being contractable and expandable in re- 
so sponse to said eye muscle movement in order to 
respectively force fluid into, and withdraw fluid out 
of, said chamber in order to cause a change in the 
position of said outer lens member relative to said 
inner lens member in response to said eye muscle 
55 movement. 

3. Ah intraocular lens apparatus adapted to be 
implanted in the eye. said apparatus comprising: 
a transparent and flexible outer lens membrane; 



a transparent and relatively rigid inner support lens 
member located adjacent said flexible membrane, 
said flexible lens membrane and said support lens 
member being spaced apart and sealed to one 
another and defining a fluid chamber therebetween; 
and 

accommodation means for injecting a pressurized 
fluid into said fluid chamber between said outer 
lens membrane and said inner support lens mem- 
ber in response to eye muscle movement in order 
to resiliently deform said flexible outer lens mem- 
brane and thereby change the refractive character- 
istics of said intraocular lens apparatus. 

4. An intraocular lens apparatus according to 
claim 3, wherein said accommodation means in- 
cludes at least one fluid-filled inflatable accom- 
modation bladder in fluid communication with said 
fluid chamber, said accommodation bladder being 
selectively contractable and expandable in re- 
sponse to eye muscle movement in order to selec- 
tively inject and withdraw said pressurized fluid into 
and out of said fluid chamber. 

5. An intraocular lens apparatus according to 
claim 4, wherein said apparatus further comprises 
at least one flexible fluid-filled support bladder, said 
support bladder being disposed between the outer 
periphery of said inner support lens member and 
the ciliary body of the eye in order to support said 
intraocular lens apparatus in the eye. 

6. An intraocular lens apparatus according to 
claim 5, wherein said intraocular lens apparatus is 
adapted for implantation in the capsular bag of the 
eye. . . 

7. An intraocular lens apparatus according to 
claim 5, wherein said accommodation bladder and 
said support bladder are separate bladders. 

8. An intraocular lens apparatus according to 
claim 5, wherein said accommodation bladder and 
said support bladder are the same bladder. 

9. An Fntraocular lens apparatus according to 
claim 4, wherein said apparatus further comprises 
at least one haptic member, said haptic member 
being disposed between the outer periphery of said 
inner support lens member and the ciliary body of 
the eye in order to support said intraocular lens 
apparatus in the eye. 

10. An intraocular lens apparatus according to 
claim 9, wherein said intraocular lens apparatus is 
adapted for implantation in the capsular bag of the 
eye. 

11. An intraocular lens apparatus according to 
claim 4, wherein said apparatus further includes 
resilient biasing means for resiliently biasing said 
accommodation bladder toward its expanded con- 
dition. 

12. An intraocular lens apparatus according to 
claim 11, wherein said resilient biasing means in- 
cludes a spring disposed within said accommoda- 



tion bladder. 

13. An intraocular lens apparatus according to 
claim 1 1 , wherein said resilient biasing means in- 
cludes a spring disposed between a portion of said 

5 support lens and said accommodation bladder. 

14. An intraocular apparatus for implantation in 
an eye, said apparatus comprising: 

a lens assembly including inner and outer light- 
transmissive lens members defining a fluid-filled 
to chamber located between said lens members, at 
least a portion of said outer lens member being 
flexible; and 

accommodation means for changing the shape of 
said chamber in response to muscle movement in 

is the eye in order to change the overall refractive 
characteristics of said lens assembly, said accom- 
modation means including fluid means for selec- 
tively changing the fluid pressure in said fluid-filled 
chamber in order to change the position of said 

20 outer lens member relative to said inner lens mem- 
ber, said fluid means further including at least one 
elongated hollow and generally tubular-shaped 
haptic member interconnected with said inner and 
outer lens members, said hollow haptic member 

25 including external peripheral surface thereon and 
an interior wall defining an interior volume, said 
interior volume of said hollow haptic member, said 
interior volume having said fluid therein and being 
•in fluid communication with said fluid-filled cham- 

30 ber, at least a portion of said hollow haptic member 
being contractable and expandable in response to 
said eye muscle movement in order to respectively 
force fluid into, and withdraw fluid out of. said fluid- 
filled chamber in order to cause a change in the 

35 position of said outer lens member relative to said 
inner lens member in response to said eye muscle 
movement 

15. An intraocular lens apparatus according to 
claim 14, wherein said hollow haptic member has 

40 external discontinuities on said external peripheral 
surface, said discontinuities tending to facilitate 
said contraction and expansion in response to said 
eye muscle movement 

16. An Intraocular lens apparatus according to 
45 claim 15, wherein said discontinuities include ribs 

extending around at least a portion of said external 
peripheral surface. 

17. An intraocular lens apparatus according to 
claim 14, wherein said hollow haptic member has a 

so non-circular hollow internal cross-sectional shape in 
order to substantially prevent complete collapse of 
said hollow haptic member during said contraction. 

18. An intraocular lens apparatus according to 
claim 17, wherein said hollow haptic member has 

55 external discontinuities on said external peripheral 
surface, said discontinuities tending to facilitate 
said contraction and expansion in response to said 
eye muscle movement 



7 



13 



EP 0 356 050 A1 



14 



19. An intraocular lens apparatus according to 
claim 18, wherein said discontinuities include ribs 
extending around at least a portion of said external 
peripheral surface. 

20. An intraocular lens apparatus according to 
claim 17, wherein said internal cross-sectional 
shape of said hollow haptic member includes at 
least one inwardly-protruding portion on said inte- 
rior wall. 

21. An intraocular lens according to claim 17, 
wherein the lateral distance between said external 
peripheral surface and said interior wall being non- 
uniform around said hollow haptic member. 

22. An intraocular apparatus for implantation in 
an eye, said apparatus comprising: 

a lens assembly including inner and outer light- 
transmissive lens members defining a fluid-filled 
chamber located between said lens members, at 
* least a portion of said outer lens member being 
flexible; and 

accommodation means for changing the shape of 
said chamber to response to muscle movement in 
the eye in order to change the overall refractive 
characteristics of said lens assembly, said accom- 
modation means including fluid means for selec- 
tively changing the fluid pressure in said fluid-filled 
chamber in order to change the position of said 
outer lens member relative to said inner lens mem- 
ber, said fluid means further including an elongated 
generally circular hollow conduit extending circum- 
ferentially around the periphery of said inner and 
outer lens members, said hollow conduit including 
an external peripheral surface thereon and an inte- 
rior wall defining an interior volume of said hollow 
conduit, said interior volume having said fluid 
therein and being in fluid communication with said 
fluid-filled chamber, at least a portion of said hollow 
conduit being contractable and expandable in order 
to respectively force fluid into, and withdraw fluid 
out of, said fluid-filled chamber in order to cause a 
change in the position of said outer lens member 
relative to said inner lens member in response to 
said eye muscle movement. 

23. An intraocular lens apparatus according to 
claim 22, wherein said hollow conduit has external 
discontinuities on said external peripheral surface, 
said discontinuities tending to facilitate said con- 
traction and expansion in response to said eye 
muscle movement 

24. An intraocular lens apparatus according to 
claim 23. wherein said discontinuities include ribs 
extending around at least a portion of said external 
peripheral surface. 

25. An intraocular lens apparatus according to 
claim 22, wherein at least a portion of said hollow 
conduit is spaced apart from sad periphery of said 
inner and outer lens members, said interior volume 
being interconnected with said fluid-filled chamber 



by one or more interconnecting hollow ducts ex- 
tending between said hollow conduit and said inner 
and outer lens members. 

26. An intraocular lens apparatus according to 
s clam 25, wherein said hollow duct extends gen- 
erally radially between said hollow conduit and said 
inner and outer lens members. 

27. An intraocular lens apparatus according to 
claim 25, wherein said hollow duct extends along a 

io generally arcuate path between said hollow conduit 
and said inner and outer lens members. 

28. An intraocular lens apparatus according to 
claim 25, wherein a portion of said hollow conduit 
is selectively expandable and contractable circum- 

75 ferentially at least prior to said implantation in the 
eye in order to allow said apparatus to be sized to 
fit a number of different eye sizes. 
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